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1
METHOD FOR CHARGING A PLUG-IN
ELECTRIC VEHICLE

TECHNICAL FIELD

The present invention generally relates to a method for
charging a plug-in electric vehicle and, more particularly, to a
method for charging a plug-in electric vehicle with an exter-
nal power source.

BACKGROUND

When evaluating a vehicle for purchase, the cost of opera-
tion may be an important factor. For instance, most vehicles
have a fuel consumption rating (e.g., a miles-per-gallon
(MPG) rating), and users sometimes consider this rating
when making a vehicle purchase. Similarly, for a plug-in
electric vehicle, which may include plug-in hybrid electric
vehicles (PHEVs), battery electric vehicles (BEVs), extended
range electric vehicles (EREVs), etc., the cost of charging the
vehicle may be an important element in the cost of operation.

SUMMARY

According to one embodiment, there is provided a method
for charging a plug-in electric vehicle with an external power
source, comprising the steps of (a) receiving a utility rate
preference; (b) determining utility rates; and (c¢) charging the
plug-in electric vehicle at a time when the utility rates satisfy
the utility rate preference.

According to another embodiment, there is provided a
method for charging a plug-in electric vehicle with an exter-
nal power source, comprising the steps of: (a) determining
utility rates; (b) determining a total charging time needed to
charge the plug-in electric vehicle, wherein the utility rates
and the total charging time are used to develop one or more
charging options that are presented to a user for selection; and
(c¢) charging the plug-in electric vehicle according to the
charging option selected by the user.

According to another embodiment, there is provided a
method for charging a plug-in electric vehicle with an exter-
nal power source, comprising the steps of: (a) receiving a
utility rate preference from a user, the utility rate preference
pertains to the utility rate that a vehicle user is willing to pay
to charge the plug-in electric vehicle; (b) determining utility
rates from utility rate information that is wirelessly received
atthe plug-in electric vehicle; (c) determining a total charging
time needed to charge the plug-in electric vehicle; (d) using
the utility rate preference, the utility rates, and the total charg-
ing time to develop several charging options, wherein each
charging option is presented to the user; (e) receiving a charg-
ing option selection from the user; and (f) charging the plug-
in electric vehicle according to the charging option selection.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred exemplary embodiments of the invention will
hereinafter be described in conjunction with the appended
drawings, wherein like designations denote like elements,
and wherein:

FIG. 1 is a schematic block diagram of an exemplary
vehicle charging system;

FIG. 2 is a flowchart of an exemplary method that may be
used to charge a plug-in electric vehicle and may be used with
the exemplary vehicle charging system shown in FIG. 1; and
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FIG. 3 is a flowchart of an exemplary method that may be
used to determine time and may be used with the exemplary
method in FIG. 2.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The exemplary method described below receives one or
more utility rate preferences from a user, determines local
utility rates, executes a charging algorithm that takes into
account both the utility rate preferences and the local utility
rates, and charges the plug-in electric vehicle according to the
output of the charging algorithm. It is also possible for the
exemplary method to present the user with several charging
options before actually charging the plug-in electric vehicle,
so that they may choose from among the charging options and
dictate the manner in which the vehicle is charged. It should
be appreciated that the present method may be used with any
type of plug-in electric vehicle including, but certainly not
limited to: plug-in hybrid electric vehicles (PHEVs),
extended range electric vehicles (EREV), battery electrical
vehicles (BEVs), or any other vehicle where a battery is
charged with an external power source. Furthermore, the
method described herein is not limited to the particular
vehicle charging system shown in FIG. 1, and may be used
with any number of different vehicle systems. According to
an exemplary embodiment, vehicle charging system 10 may
be used to charge a plug-in electric vehicle with an external
power source 18 and includes a user interface 20, a commu-
nications module 22, a battery unit 24, a battery charger 26,
and a control module 28.

User interface 20 may include any combination of hard-
ware, software and/or other components that are located
within the plug-in electric vehicle and enable a vehicle user to
exchange information or data with the vehicle. This includes,
for example, input components like a touch-screen display, a
microphone, a keyboard, a pushbutton or other control where
user interface 20 receives information from a vehicle user, as
well as output components like a visual display, an instrument
panel, or an audio system where user interface 20 provides
information to the vehicle user. In some cases, user interface
20 includes components with both input and output capabili-
ties, such as the exemplary visual interface 50 and audible
interface 52 shown in FIG. 1. Visual interface 50 may include
any suitable interface that is located within the vehicle and
visually presents information to and/or receives information
from a vehicle user, and it may be driven by a sequence of
navigable menus that enable the user to exchange information
with vehicle charging system 10. A visual touch-screen dis-
play is one example of a suitable visual interface. Likewise,
audible interface 52 may include any suitable interface that is
located within the vehicle and audibly presents information to
and/or receives information from a user, and it may be part of
an on-board automated voice processing system that uses
voice-recognition and/or other human-machine interface
(HMI) technology. User interface 20 may be a stand-alone
module; it may be part of an infotainment system or part of
some other module, device or system in the vehicle; it may be
mounted on a dashboard (e.g., with a driver information cen-
ter (DIC)); it may be projected onto a windshield (e.g., with a
heads-up display); it may be integrated within an existing
audio system; or it may simply include an electronic connec-
tion or port for connecting with a laptop or other computing
device, to cite a few examples.

As explained below in more detail, user interface 20 may
be used by the present method to exchange information
between a vehicle user and the plug-in electric vehicle in a
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way that facilitates the charging process. For instance, user
interface 20 may receive one or more utility rate preferences,
vehicle conditions, and/or other input from a vehicle user;
input that may be used by the present method to charge the
plug-in electric vehicle. In addition, user interface 20 may be
used by the present method to provide charging status, reports
and/or other output to a vehicle user. Other user interfaces
may be used instead, as the exemplary user interfaces shown
and described herein represent only some of the possibilities.
The present method may utilize any user interface to
exchange information between a vehicle user and the plug-in
electric vehicle and is not limited to any particular type.

Communications module 22 may include any combination
of hardware, software and/or other components that are
located within the plug-in electric vehicle and enable wireless
voice and/or data communication with the vehicle. According
to one exemplary embodiment, communications module 22
includes a voice interface 60, a data interface 62 and a GPS
receiver 64, and may be bundled or integrated within a device
such as a telematics unit. Voice interface 60 enables voice
communication to and/or from the plug-in electric vehicle
and may include a cellular chipset (e.g., CDMA or GSM
chipset), a vocoder, voice over IP (VOIP) equipment, and/or
any other suitable device. Data interface 62, on the other
hand, enables data communication to and/or from the plug-in
electric vehicle and may include a modem (e.g., a modem
using EVDO, CDMA, GPRS or EDGE technologies), a wire-
less networking component (e.g., one using an IEEE 802.11
protocol, WiIMAX, BlueTooth, etc.), or any other suitable
device. Depending on the particular embodiment, communi-
cations module 22 may communicate over a wireless carrier
system (e.g., a cellular network), a wireless network (e.g., a
wireless LAN, WAN, etc.), or some other wireless medium.
For combined services that involve both voice and data com-
munications, communications module 22 may utilize a single
call over a voice channel and switch, as needed, between
voice and data transmissions; this can be done using tech-
niques known to those skilled in the art. The equivalent can
also be done over a data channel. GPS receiver 64 may receive
signals from a constellation of GPS satellites and uses these
signals to determine vehicle position, as is well understood in
the art.

The present method may use communications module 22
to exchange information between a vehicle user, a local util-
ity, or some other remotely-located entity and the plug-in
electric vehicle in a way that facilitates the charging process.
For example, communications module 22 may be used to
receive utility rates from a local utility, to receive utility rate
preferences, vehicle conditions and/or other information
from a remotely-located vehicle user, etc. This includes
remote vehicle users who enter such information via a web-
site or mobile device and then send it to the plug-in electric
vehicle. In one embodiment, communications module 22 acts
as an alternative to user interface 20 for exchanging informa-
tion between a vehicle user and the plug-in electric vehicle; in
another embodiment, communications module 22 and user
interface 20 are both used to exchange such information; and
in yet another embodiment, only user interface 20 is used to
exchange such information. Other embodiments and arrange-
ments are also possible. The method described below is not
limited to any particular communications module or technol-
ogy, and it may be used with devices other than the exemplary
communications module shown and described here.

Battery unit 24 provides the plug-in electric vehicle with
electrical power and, depending on the particular embodi-
ment, may be the primary electrical power source for the
vehicle or may be used in conjunction with another power
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source for power supplementation purposes, to cite two
examples. Many different battery types and arrangements
may be used, including the exemplary one schematically
shown here which includes a battery pack 70, one or more
battery sensors 72, and a battery control unit 74. Battery pack
70 may include a collection of identical or individual battery
cells connected in series, parallel, or a combination of both in
order to deliver a desired voltage, amperage, capacity, power
density and/or other performance characteristics. Generally,
it is desirable to provide high power and energy densities,
which has led to the development and use of many types of
batteries including chemical, non-chemical, and others.
Some examples of suitable battery types include all types of
lithium-ion (e.g., lithium iron phosphate, lithium nickel man-
ganese cobalt, lithium iron sulfide, lithium polymer, etc.),
lead-acid, advanced lead-acid, nickel metal hydride (NiMH),
nickel cadmium (NiCd), zinc bromide, sodium nickel chlo-
ride (NaNiCl), zinc air, vanadium redox, and others. The
battery pack 70 may provide approximately 40-600V,
depending on its particular design and application. For
example, a heavy truck using a two-mode hybrid system may
require a high voltage battery pack capable of providing about
350V, where a lighter vehicle may only need about 200V. In
another embodiment, the battery charging system 10 may be
part of a belt-alternator-starter (BAS) or BAS-plus type sys-
tem and thus only require a battery pack that provides about
40-110V. In any case, battery pack 70 should be designed to
withstand repeated charge and discharge cycles and to receive
electrical energy from external power source 18. Skilled arti-
sans will appreciate that the system and method shown and
described herein are not limited to any one particular type of
battery or battery arrangement, as a number of different bat-
tery types could be employed.

Battery sensors 72 may include any combination of hard-
ware and/or software components capable of monitoring bat-
tery conditions such as battery temperature, battery voltage,
battery current, battery state of charge (SOC), battery state of
health (SOH), etc. These sensors may be integrated within
high voltage battery unit 24 (e.g., an intelligent or smart
battery), they may be external sensors located outside of the
battery unit, or they may be provided according to some other
known arrangement. Battery sensors 72 may monitor and
determine battery conditions on a cell-by-cell basis, on an
average or collective basis across a block orregion of cells, on
an entire battery pack basis, on a representative basis where
certain cells are selected to represent the entire battery pack,
or according to some other basis or technique known in the
art. Output from battery sensors 72 may be provided to bat-
tery control unit 74, battery charger 26, control module 28, or
some other appropriate device.

Battery control unit 74 may include any variety of elec-
tronic processing devices, memory devices, input/output
(I/0) devices, and other known components, and may per-
form various control and/or communication related func-
tions. For example, battery control unit 74 may receive sensor
signals from the various battery sensors 72, package the sen-
sor signals into an appropriate sensor message, and send the
sensor message to control module 28 over a communication
bus 46 or the like. It is possible for battery control unit 74 to
gather battery sensor readings and store them inlocal memory
so that a comprehensive sensor message can be provided to
control module 28 at a later time, or the sensor readings can be
forwarded to module 28 or some other destination as soon as
they arrive at battery controlunit 74, to cite a few possibilities.
Instead of sending the battery sensor readings to control mod-
ule 28 for subsequent processing, it is possible for battery
controlunit 74 to process or analyze the sensor readings itself.



US 9,299,093 B2

5

In another capacity, battery control unit 74 can store pertinent
battery characteristics and background information pertain-
ing to the battery’s cell chemistry, cell capacity, upper and
lower battery voltage limits, battery current limits, battery
temperature limits, temperature profiles, battery impedance,
number or history of charge/discharge events, etc.

Battery charger 26 is connected to external power source
18 and high voltage bus or circuit 48 so that it may provide
electrical power to battery unit 24. According to an exemplary
embodiment, battery charger 26 is a programmable charger
that is mounted in the plug-in electric vehicle and provides
electrical power to battery unit 24 according to charging
control signals received from control module 28. Battery
charger 26 may be entirely located inside of the plug-in elec-
tric vehicle (i.e., an internal charger), partially located inside
and partially located outside of the vehicle, or it may be
entirely located outside of the vehicle (i.e., an external
charger), to cite a few possibilities. The exact arrangement
and construction of battery charger 26 is notimportant, as any
type of suitable battery charger may be used. The battery
charger may include a transformer 92, a rectifier 94, a switch-
ing power supply 96, a filter network 98, a cooling unit 100,
one or more sensors 102, a control unit 104, and any other
suitable components known in the art.

Depending on the particular arrangement, transformer 92
steps-up and/or steps-down the input voltage from external
power source 18 to a different and, in some cases, program-
mable output voltage. Rectifier 94 rectifies the AC signal into
a DC signal and may include a half-wave, full-wave or other
type of known rectifying arrangement. Switching power sup-
ply 96 takes the rectified signal and, according to one embodi-
ment, rapidly switches a power transistor or other switch
between saturation (‘on’) and cutoff (‘off”) according to a
variable duty cycle whose average corresponds to the desired
output voltage. In this way, switching power supply 96 may
control the amount of current, and hence the output power,
that is provided by battery charger 26 to high voltage circuit
48. Filter network 98, which is optional, may include any
combination of electrical components that can be used to
filter, process, or otherwise condition the output voltage
before providing it to high voltage circuit 48. Cooling unit
100, also an optional component, may use any combination of
fans, water jackets, heat sinks, or other suitable cooling
means to reduce the temperature of battery charger 26 during
charging. Although not shown here, battery charger 26 could
have multiple power outputs including a high voltage output
connected to high voltage circuit 48 and a lower voltage
output connected to a low voltage circuit (not shown).

Battery charger sensors 102 may include any combination
ot hardware and/or software components capable of monitor-
ing battery charger conditions such as charger temperature,
charger input voltage (typically an AC voltage), charger out-
put voltage (typically a DC Voltage), charger current, etc.
Depending on the particular embodiment, these sensors may
be integrated within battery charger 26, they may be external
sensors located outside of the battery charger, or they may be
provided according to some other known arrangement. A
charger temperature sensor may sense the temperature of one
or more components within battery charger 26, including the
temperature of the least efficient component; that is, the com-
ponent of the battery charger that exhibits the most heat.
Battery charger sensors 102 may be coupled directly to con-
trol unit 104, or they could be coupled to any number of other
devices, components, modules, etc., including some located
outside of battery charger 26, like control module 28.

Control unit 104 may include any variety of electronic
processing devices, memory devices, input/output (I/O)
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6

devices, and other known components, and may perform
various control and/or communication related functions. For
example, control unit 104 could receive sensor signals from
the various battery charger sensors 102, package the sensor
signals into an appropriate sensor message, and send the
sensor message to control module 28 over communication
bus 46, which may be a CAN bus, a system management bus
(SMBus), a proprietary communication link, or any other
communication means known to those skilled in the art. In
another capacity, control unit 104 may receive charging con-
trol signals or other instructions from control module 28 or
some other device, interpret the instructions, and execute the
instructions by correspondingly controlling devices within
battery charger 26. For instance, if control module 28 sends a
charging control signal to battery charger 26, then control unit
104 can use the charging control signal to manipulate the
pulse width modulated (PWM) duty-cycle of switching
power supply 96. This, in turn, causes switching power sup-
ply 96 to alter the amount of current, and ultimately the
amount of output power, that is provided by battery charger
26 to battery unit 24. These are, of course, only some of the
possible arrangements and functions of control unit 104, as
others are certainly possible.

Control module 28 may include any combination of elec-
tronic processing devices, memory devices, input/output
(I/0) devices, and/or other known components, and may per-
form various control and/or communication related func-
tions. In an exemplary embodiment, control module 28
includes an electronic memory device 110 and an electronic
processing device 112. Memory device 110 may include any
type of suitable electronic memory means and may store a
variety of data and information. This includes, for example,
utility rates and utility rate preferences (e.g., those provided
by a user), sensed vehicle conditions (e.g., those provided by
sensors 72 and 102), look-up tables and other data structures,
algorithms, etc. (e.g., the charging algorithm described
below), vehicle component characteristics and background
information (e.g., temperature limits, temperature profiles or
operational settings for various devices within the charging
system), etc. The present method—as well as any other elec-
tronic instructions, algorithms and/or information needed for
such tasks—may be stored or otherwise maintained in
memory device 110. Processing device 112 may include any
type of suitable electronic processor (e.g., a microprocessor,
a microcontroller, an application specific integrated circuit
(ASIC), etc.) that executes instructions for software, firm-
ware, programs, algorithms, scripts, etc. The exemplary pro-
cessor 112 is not limited to any one type of component or
device. Control module 28 may be electronically connected
to other vehicle devices and modules via a suitable connec-
tion like communications bus 46 and can interact with them as
required. These are, of course, only some of the possible
arrangements, functions and capabilities of control module
28, as others are certainly possible.

Depending on the particular embodiment, control module
28 may be a stand-alone vehicle electronic module (e.g., a
vehicle control integrated module (VCIM), a traction power
inverter module (TPIM), a battery power inverter module
(BPIM), etc.), it may be incorporated or included within
another vehicle electronic module (e.g., a power train control
module or a hybrid control module), or it may be part of a
larger network or system (e.g., a battery management system
(BMYS), a vehicle energy management system, etc.), to name
afew possibilities. Many different types and arrangements for
control module 28 may be used with the method described
below, as the present method is not limited to any one embodi-
ment.
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External power source 18 provides battery charging system
10 with electrical power over a power coupling 44, and may
be one of a number of different power supply types known in
the art. For example, external power source 18 can be a
standard AC power outlet that provides 110VAC or 220VAC
of electricity at 50 Hz or 60 Hz, or it can be a portable
generator such as the type that runs on natural gas, propane,
gasoline, diesel, or the like. In one embodiment, external
power source 18 is a renewable power source, such as a
remote charging station powered by energy from solar panels,
wind turbines, hydroelectric means, biomass, etc. External
power source 18 may be connected to battery charger 26 in
one of a variety of different ways, including via conductive
connections, inductive connections, as well as other connec-
tions known in the art. In an exemplary embodiment, power
coupling 44 is a specialized vehicle power coupling (such as
those described in specifications SAE J-1772 and J-1773),
and includes a first end for plugging into a standard AC wall
outlet and a second end for plugging into the plug-in electric
vehicle. This enables a user to easily plug and unplug the
vehicle from a common AC wall outlet, such as those found in
most garages. Skilled artisans will appreciate that the system
and method described herein are not limited to any particular
external power source, as a number of different power source
types could be used.

Turning now to FIG. 2, there is shown an exemplary
method 200 for charging a plug-in electric vehicle with an
external power source. In one embodiment, method 200
receives one or more utility rate preferences from a user,
determines utility rates from a local utility company, executes
a charging algorithm that takes into account both the utility
rate preferences and the local utility rates, and then charges
the plug-in electric vehicle according to the results of the
charging algorithm. It is also possible for method 200 to
present the user with several charging options before actually
charging the plug-in electric vehicle, so that they may choose
from among the charging options and somewhat control the
manner in which the vehicle is charged. Accordingly, method
200 may be used to charge a plug-in electric vehicle in a
cost-effective manner that lowers the cost of operation for the
vehicle by developing a charging strategy that is cognizant of
the current utility rates. Although the following description is
provided in the context of a plug-in hybrid electric vehicle
(PHEV), it should be appreciated that the present method may
be used with any type of plug-in electric vehicle including,
but certainly not limited to, plug-in hybrid electric vehicles
(PHEV35), battery electric vehicles (BEVs), extended range
electric vehicles (EREVs), as well as any other plug-in elec-
tric vehicle that is charged with an external power source.

Beginning with step 202, the method receives a utility rate
preference. A “utility rate preference” includes any choice,
amount, limit, threshold and/or other information that per-
tains to the utility rate that a vehicle user is willing to pay to
charge their plug-in electric vehicle (e.g., a maximum electric
utility rate of $/K WH). As will be subsequently explained, the
present method takes these utility rate preferences into
account when determining a charging strategy for when and
how long to the charge the plug-in electric vehicle. The utility
rate preference may be a single, constant value or it may
include a number of different values. For instance, a vehicle
user may provide a single utility rate preference to be used all
the time, no matter when and where the vehicle is being
charged. Or a vehicle user may provide multiple utility rate
preferences for different seasons (e.g., a higher rate prefer-
ence for the summer because utility rates are typically higher
in the summer than in the winter), for different months, weeks
and/or days (e.g., a lower rate preference for the weekend
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8

when the vehicle user is willing to wait for better rates), for
different locations (e.g., a first rate preference for a first loca-
tion in the city and a second rate preference for a second
location in the country), etc. In addition, the utility rate pref-
erence does not necessarily need to be a single absolute quan-
titative value (e.g., a maximum utility rate of $0.10/KWH).
Instead, the utility rate preference may be provided as a range
of values (e.g., maximum utility rate of $0.08-$0.12/KWH,
depending on one or more factors), as a relative value (e.g.,
1/5,2/5, . ..5/5, where 1/5 is the lowest rate preference and
5/5 is the highest), as a qualitative value (e.g., low, medium
and high rate preferences), as a time (e.g., begin charging
after 12:00 AM, when utility rates are lower), or in any other
suitable format. The preceding examples are only meant to
illustrate some of the possibilities, as any utility rate prefer-
ence (no matter how it is expressed or provided) may be
received in step 202.

Utility rate preferences may be received in step 202 accord-
ing to a variety of different methods and techniques. For
instance, a vehicle user may provide utility rate preferences
via an in-vehicle user interface 20, via wireless communica-
tion through communications module 22, or using any other
suitable method. According to the in-vehicle user interface
example, a vehicle user can enter one or more utility rate
preferences by navigating visual and/or audible menus ofuser
interface 20 and providing the desired rate preferences when
asked. In a first wireless communication example, a vehicle
user can provide the utility rate preferences using an applica-
tion or other program installed on their mobile phone, PDA,
computer, etc., where the application formats the utility rate
preferences provided by the user and wirelessly delivers them
to the vehicle. This wireless communication can then be
received and processed by communications module 22 at the
plug-in electric vehicle. In a second wireless communication
example, a vehicle user provides utility rate preferences to an
affiliated website (e.g., www.onstar.com), which then for-
mats and wirelessly transmits the information to the vehicle
via communications module 22. The utility rate preference
information in these examples may be provided to the vehicle
directly, indirectly through a call center or other back-end
facility, or to some other suitable destination. Any technique
for providing user rate preferences to the plug-in electric
vehicle may be used.

These and other preferences may be stored in memory
device 110 or elsewhere so that the vehicle user does not have
to constantly provide them to charging system 10, or they can
be entered each time anew. Of course, these are only some of
the examples of preferences that may be received in step 202,
as others are also possible. For instance, the vehicle may
come equipped with default utility rate preferences from the
factory or dealer. In such a case, it may not be necessary for
the user to actually provide such rate preferences, as they may
be automatically obtained or retrieved from some other mod-
ule in the vehicle or elsewhere. Other embodiments are cer-
tainly possible.

In step 204, the method determines utility rates. Utility
rates are typically set by an electrical utility company and/or
the government and are usually expressed in terms of
$/KWH, although they do not need to be. Utility rates can be
determined by the present method in a variety of ways. In a
first embodiment, a vehicle user manually enters the utility
rates (e.g., manually entering the information from a rate
schedule provided by the utility company). Any of the meth-
ods—including the different “in-vehicle” and “wireless”
techniques described in step 202—may be used for this pur-
pose. In another embodiment, the utilities rates are automati-
cally sent to the plug-in electric vehicle without the need of
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the vehicle user. For example, the plug-in electric vehicle
and/or a call center affiliated with the vehicle may query the
utility company for their latest rate schedule. Utility rate
information could then be wirelessly sent to communications
module 22 directly from the utility company, or it could be
sent via a call center or other back-end facility. In any case, the
utility rates may be provided on an hourly basis (e.g., 11
AM-7PM, 7PM-11 AM), a daily basis (e.g., Monday-Friday,
Saturday-Sunday), a weekly basis, a monthly basis, a season
basis (e.g., June-October, November-May, etc.), a yearly
basis, or otherwise. These non-limiting examples are only
some of the potential ways in which utility rates may be
expressed and/or gathered by the present method; any other
suitable method may be used instead. In addition, steps 202
and 204 may be performed in any order, as step 204 may be
performed before step 202 so that the user can select from the
various utility rates, for example. Those skilled in the art will
appreciate that the present method is particularly useful in
instances where the utility company offers a variable rate
service, although this is not necessary.

Step 208 determines the total charging time that is needed
to charge the plug-in electric vehicle. By knowing the total
amount of charging time that is needed, method 200 may
construct or develop suitable charging strategies. For
example, different charging strategies may be needed if the
plug-in electric vehicle requires 30 minutes of charging time
versus 3 hours of charging time. Any number of different
techniques and methods may be used by step 208 to determine
the total charging time, as this step is not limited to any
particular one. According to an exemplary embodiment, the
total charging time that is needed to charge battery pack 70
takes into account current charging conditions (current charg-
ing conditions may include the power available from external
power source 18, the condition of battery pack 70 (e.g., the
state-of-charge (SOC) or voltage), the condition of charger 26
(e.g., the temperature of the charger, etc.), or any other con-
dition or parameter that can affect charging). Put differently,
in order to determine how much time is needed to charge
battery pack 70, step 208 may need to know: how much power
is available for charging, how much energy is required by the
battery, and other charging conditions, as all of these factors
can impact the charging time.

The following non-limiting examples illustrate some
potential ways in which current charging conditions may be
gathered. Power coupling 44, battery charger 26 and/or some
other device may be used to detect a connection with external
power source 18 and, if connected, determine the power avail-
able. If, for some reason, external power source 18 is provid-
ing less power than normal, then it may take longer to the
charge battery pack 70; this may be factored into the total
charging time calculation in step 208. Power couplings that
conform to the SAE J-1772 and J-1773 standards are gener-
ally capable of providing this type of information, however,
other techniques for determining available power from exter-
nal power source 18 may also be used. Battery sensors 72 may
determine the voltage or state-of-charge (SOC) for vehicle
battery pack 70. The SOC of the battery pack will, of course,
affect the amount of time needed for charging (battery pack
70 will take longer to charge if it has an SOC of 25% versus
75%, assuming all other charging conditions are the same).
Step 208 may also take into account factors like battery pack
temperature, battery pack state-of-health (SOH), battery pack
voltage or current, battery charger temperature, limitations on
the amount of power available from external power source 18,
etc. Any method or technique for determining battery charg-
ing time may be used in step 208, as the preceding examples
only address some of the possibilities.
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Step 210, which is an optional step, develops several charg-
ing options and presents them to the vehicle user. The charg-
ing options may take into account the total amount of charg-
ing time that is needed, the utility rate preferences provided
earlier by the vehicle user, the utility rates gathered from the
utility company, the time when the vehicle user wishes to use
the vehicle next, as well as any other pertinent factors. The
different charging options will oftentimes balance the cost of
charging with the convenience of charging the plug-in electric
vehicle quickly (less expensive charging options may take
longer because they are waiting for the least expensive time
slots). For example, step 210 may generate three different
charging options (each of these exemplary options assumes
that eight hours of charging is needed, that the vehicle is
plugged in at 6:00 PM, and that the user wishes to use the
vehicle by 6:00 AM the next day). A first and least expensive
charging option only charges the plug-in electric during the
least expensive time slots, even if it results in the vehicle only
being partially charged (e.g., the plug-in electric vehicle is
charged between 12:00 AM-6:00 AM which has the least
expensive utility rates, even though the vehicle is not fully
charged). Such an option may be preferable if the vehicle user
only intends on using the vehicle for short distances the next
day. A second and more expensive charging option tries to
charge the vehicle during the least expensive time slots, but if
such time slots do not accommodate the energy needs of the
vehicle, then it uses other time slots to make up the difference
(e.g., the plug-in electric vehicle is charged between 6:00M-
8:00M and 12:00 AM-6:00 AM, which results in a fully
charged vehicle even though two hours of more expensive
charging is used). The charging segments of the second
charging option are discontinuous (i.e., there is a break
between charging segments). A third and most expensive
charging option charges the plug-in electric vehicle as
quickly as possible, regardless of the utility rates (e.g., the
plug-in electric vehicle is charged from 6:00M-2:00 AM).
The third charging option is the fastest option since it puts
more importance on vehicle readiness than charging utility
rate. The first and third charging options each includes a
single charging segment (12:00 AM-6:00 AM and 6:00M-2:
00 AM, respectively), but the second charging option
includes multiple charging segments (6:00 PM-8:00M and
12:00 AM-6:00 AM). It should be appreciated that a charging
option may include any number of charging segments with
different charging start and end times, and is not limited to the
examples above.

In another embodiment, step 210 takes into account opera-
tional and/or environmental conditions like battery pack and/
or battery charger temperatures. If, for example, it is prefer-
able to limit charging to no more than four continuous hours,
then the different charging options may divvy up the charging
segments differently in order to accommodate this restriction.
The different charging options described here may be gener-
ated without taking into account the utility rate preferences of
the user, so that the user first influences the charging process
at this point. Or, in a different embodiment, the different
charging options are specifically developed in order to best
address and satisfy the utility rate preferences previously
provided. It is also possible for the vehicle user to provide a
desired charging start time—in addition to a desired charging
end time—which is the time when charging system 10 ini-
tializes the charging process. To illustrate, if the vehicle user
supplies a desired start time of 8:00 PM, then the three exem-
plary charging options above may be changed to 12:00 AM-6:
00 AM (first charging option), 8:00 PM-10:00 PM and 12:00
AM-6:00 AM (second charging option), and 8:00M-4:00 AM
(third charging option). It is also possible for step 210 to
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provide an estimated cost for each charging option (e.g., a
dollar amount based on the previously gathered utility rates).
This would give the vehicle user the ability to weigh the cost
of charging the plug-in electric vehicle against the conve-
nience of having the vehicle charged and ready to go as
quickly as possible. The different charging options may be
generated and presented to the vehicle user in any number of
different ways. This includes, for example, generating the
charging options using look-up tables or the like (e.g., a time
versus utility rate look-up table) and presenting the charging
options via visual interface 50, audible interface 52 and/or
wirelessly sending the charging options to a mobile device,
computer, etc. via communications module 22. Skilled arti-
sans should appreciate that other presentation options are
possible.

Step 212 receives a charging option selection from the user.
This step is not limited to any specific technique, as the user’s
selection may be provided via visual interface 50, audible
interface 52 and/or wirelessly sending the selection from a
mobile device, computer, etc. via communications module
22. Once the vehicle user makes a selection, the selected
charging option is used to create a charging schedule for
charging the plug-in electric vehicle. A charging schedule
includes one or more charging segments each having a charg-
ing start time and a charging end time. Method 200 may also
provide the user with the ability to override the charging
options presented in step 210. For example, if the vehicle user
is not satisfied with any of the presented options, then the user
can manually enter different utility rate preferences, charging
schedules, charging options, charging segments, charging
start/end times, etc. If the utility rate preference entered in
step 202 results in no viable charging options (e.g., the utility
rate preference entered is lower than all available rates), for
example, then the vehicle user can override the previous
utility rate preference and instruct method 200 to charge the
vehicle at a higher cost. As previously mentioned, presenting
the vehicle user with charging options and waiting for their
selection (steps 210, 212) is optional. It is also possible for
step 210 to simply execute a charging algorithm based on the
information entered in steps 202 and 204 and to generate a
charging schedule from the output of the algorithm. Such a
process would not require any charging option selection from
the vehicle user. In either case, a charging schedule is gener-
ated where the charging schedule includes one or more charg-
ing segments each with its own charging start and end times.

Step 214 determines if it is time to start charging the plug-
in electric vehicle. In most instances, this means determining
if the current time is equal to or greater than the charging start
time for a charging segment of the charging schedule. It is
usually helpful for method 200 to use an accurate means for
keeping track of time, since charging the vehicle at the wrong
time may result in higher utility rates. Although any technique
or method for keeping track of time may be used, FIG. 3
illustrates an exemplary method that may be used at step 214.
Generally speaking, the exemplary approach shown in FIG. 3
resorts to a prioritized list of potential time sources: cellular
time followed by GPS time followed by internal clock time.
This technique may be particularly helpful when the plug-in
electric vehicle travels from one place to another, as the local
time can be automatically updated by the vehicle without any
intervention by the vehicle user.

Step 304 first checks to see if cellular time is available, as
this is most preferable time source. “Cellular time” broadly
includes any time reading that is determined from informa-
tion or data that is wirelessly provided by a cellular or other
wireless network. For example, many CDMA and GSM net-
works embed time-related information in the wireless signals
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that are exchanged between cellular towers and the mobile
devices located within their area (this includes communica-
tions module 22). This time-related information may be
extracted and processed by communications module 22 and
converted into cellular time. If cellular time is available in a
particular area, then step 306 uses the cellular time since it
will typically provide an accurate local time that already takes
into account local discrepancies such as daylight’s savings,
time zones, etc. However, if cellular time is not available, then
the method proceeds to step 308 to check to see if GPS time
is available.

“GPS time” broadly includes any time reading that is deter-
mined from information or data that is wirelessly provided by
one or more GPS satellites and an offset value. GPS time may
be particularly useful in areas lacking sufficient cellular sig-
nals such that cellular time is not available. Consider the
example where a plug-in electric vehicle is located in a
remote area that lacks decent cellular coverage, but is in view
of three or more GPS satellites (three or more GPS satellites
are needed to accurately determine the vehicle’s position). In
this case, the present method may be able to accurately deter-
mine the position of the vehicle and a standardized time (e.g.,
Greenwich Mean Time (GMT) or Julian Time), but it still will
not know the local time considering that the GPS satellites do
not maintain a registry of local times for every location on
Earth. This is where a stored offset value may come into play.
A stored offset value represents the difference or offset
between the local time and some standardized time like GMT.
In order to have a stored offset value, one must have been
calculated at an earlier time when the vehicle concurrently
gathered time readings from a reliable local time source and
the GPS satellites. By knowing both the local time (say 2:00
PM) and the GPS time (say 9:00 PM) which is a standardized
time like GMT, an offset value of seven hours can be deter-
mined Later on if only GPS time is available (and not the
reliable local time source originally used to calculate the
offset value), step 310 can use the stored offset value to
determine the local time. However, if GPS time is not avail-
able, then the method proceeds to step 312 to check to see if
internal clock time is available. The internal clock time may
be time locally maintained by any device within the plug-in
electric vehicle, such as one the electronic modules.

In one embodiment, the conversions, calculations, correc-
tions, etc. that are mentioned above are performed by GPS
receiver 64, communications module 22, control module 28
or some other suitable device. Step 214 compares the current
time—as calculated by any suitable method—to the start
times of the one or more charging segments to see if it is time
to start charging the plug-in electric vehicle. This process
continues until the current time equals or surpasses the start
time, at which point the method proceeds to the next step.

Step 216 charges the plug-in electric vehicle according to
the charging schedule previously determined Assuming that
the plug-in electric vehicle is properly plugged into an exter-
nal power source 18, this step will begin charging the vehicle
at the charging start time, continue for the duration of the
charging segment, and stop at the charging end time. If the
charging schedule includes additional charging segments
(e.g., 8:00 PM-10:00 PM and 12:00 AM-6:00 AM), then the
charging process will continue at the next charging segment.
This continues until all of the charging schedule has been
completed. By automatically waking the plug-in electric
vehicle up and charging it according to a charging schedule
that is based on the utility rate preferences and utility rates, the
present method is able to cost effectively charge the vehicle
and have it ready for the user at a desired time.
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Step 218 is an optional step that provides the vehicle user
with a charging status. There are a number of ways to provide
or convey a charging status to the vehicle user, including
audio, visual, and/or other means. In one embodiment, a
charging status consisting of a display statement (e.g., a state-
ment indicating whether or not the charge is complete or
incomplete, the percentage of SOC available, the battery volt-
age value measurement, and/or total cost of the charge), is
provided via visual interface 50 and/or audible interface 52
after a key-on start. It is also possible to provide the user with
amessage in the event that charging is interrupted (e.g., power
outage, user starts vehicle before charging schedule is com-
plete, vehicle isunplugged, etc.). These are some examples as
others are also possible.

It is to be understood that the foregoing description is not a
definition of the invention, but is a description of one or more
preferred exemplary embodiments of the invention. The
invention is not limited to the particular embodiment(s) dis-
closed herein, but rather is defined solely by the claims below.
Furthermore, the statements contained in the foregoing
description relate to particular embodiments and are not to be
construed as limitations on the scope of the invention or on the
definition of terms used in the claims, except where a term or
phrase is expressly defined above. Various other embodi-
ments and various changes and modifications to the disclosed
embodiment(s) will become apparent to those skilled in the
art. All such other embodiments, changes, and modifications
are intended to come within the scope of the appended claims.

As used in this specification and claims, the terms “for
example,” “e.g.,” “for instance,” “such as,” and “like,” and the
verbs “comprising,” “having,” “including,” and their other
verb forms, when used in conjunction with a listing of one or
more components or other items, are each to be construed as
open-ended, meaning that that the listing is not to be consid-
ered as excluding other, additional components or items.
Other terms are to be construed using their broadest reason-
able meaning unless they are used in a context that requires a
different interpretation.

The invention claimed is:

1. A method for charging a plug-in electric vehicle with an
external power source, comprising the steps of:

a) receiving a utility rate preference from a vehicle user, the
utility rate preference establishes a maximum utility rate
that the vehicle user is willing to pay;

b) determining utility rates;

¢) determining a total charging time needed to charge the
plug-in electric vehicle;

d) using the utility rates and the total charging time to
develop one or more charging options and presenting the
charging options to the user for selection, wherein at
least one of the charging options includes a plurality of
discontinuous charging segments that together fully
charge the plug-in electric vehicle and at least one of the
charging options is presented to the user with an esti-
mated cost; and

e) charging the plug-in electric vehicle with the external
power source according to the charging option selected
by the user.
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2. The method of claim 1, further comprising the step of:

determining when it is time to start charging the plug-in
electric vehicle, wherein a current time is compared to a
charging start time before step (e).

3. The method of claim 2, wherein the current time is
determined using at least one of the following time readings:
cellular time, GPS time, or internal clock time.

4. The method of claim 3, wherein when cellular time is
available then the current time is determined using cellular
time, when cellular time is not available but GPS time is
available then the current time is determined using GPS time
and a stored offset value, and when cellular time and GPS
time are not available but internal clock time is available then
the current time is determined using internal clock time.

5. A method for charging a plug-in electric vehicle with an
external power source, comprising the steps of:

(a) receiving a utility rate preference from a vehicle user,
the utility rate preference establishes a maximum utility
rate that the vehicle user is willing to pay;

(b) determining utility rates;

(c) determining a total charging time needed to charge the
plug-in electric vehicle, the total charging time is based
on current charging conditions pertaining to the external
power source, to the plug-in electric vehicle, or to both
the external power source and the plug-in electric
vehicle;

(d) developing a charging strategy that takes into account
the utility rate preference, the utility rates, and the total
charging time needed to charge the plug-in electric
vehicle; and

(e) charging the plug-in electric vehicle with the external
power source according to the charging strategy,
wherein the charging strategy implements a charging
process that includes a plurality of discontinuous charg-
ing segments that together form a single charge cycle
based on the total charging time for charging the vehicle
before the vehicle user wishes to use the vehicle next,
each of'the discontinuous charging segments charges the
vehicle when the current utility rates are less than or
equal to the maximum utility rate that the vehicle user is
willing to pay, and each of the discontinuous charging
segments is separated from another discontinuous
charging segment by a break during which the current
utility rates are more than the maximum utility rate that
the vehicle user is willing to pay.

6. The method of claim 1, wherein step (a) further com-
prises receiving the utility rate preference from a user via an
in-vehicle user interface.

7. The method of claim 1, wherein step (a) further com-
prises receiving the utility rate preference from a user via a
wireless communication through a communications module.

8. The method of claim 1, wherein step (b) further com-
prises determining utility rates by wirelessly receiving utility
rate information from a utility company.
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